Starting from many quark interactions, we construct a nonlinear σ-ω model at finite temperature and density. The mesons are introduced as auxiliary fields. Effective quark-meson couplings are strongly related to effective meson masses, since they are derived simultaneously from the original many quark interactions. In this model, even if the effective ω-meson mass decreases due to the partial chiral restoration, the equation of state (EOS) of nuclear matter can become soft.
Introduction
The ω-meson is important for the nuclear structure. It is reported that the reduction of the effective ω-meson mass makes the nuclear matter EOS stiffer. [1] However, if we require that the ω-meson mean field be proportional to the baryon density, the effective ω-nucleon coupling also becomes smaller as the effective ω-meson mass becomes smaller and the EOS of nuclear matter becomes softer. [2] In this paper, we show that, at finite temperature and density, effective mesonquark couplings are strongly related to effective meson masses, if the meson fields are introduced as auxiliary fields which consist of quarks and anti-quarks. Consequently, if the effective ω-meson mass decreases, the effective ω-quark (or nucleon) coupling decreases and the EOS of nuclear matter becomes softer. Therefore, even if the effective ω-meson mass decreases due to the partial chiral restoration, the EOS of nuclear matter can become soft in this model.
Auxiliary field method for nonlinear σ-ω model
In this section, using the auxiliary field method, [3, 4] we construct a nonlinear σ-ω model. (For details, see the reference [5] .) We start from the many quark interactions [4, 5] 
where ψ is the quark field. The quantum transition amplitude is given by
where L is the Lagrangian density of the system. Inserting the identity
we introduce the auxiliary meson fields σ(=ψψ) and ω µ (=ψγ µ ψ) as well as the quark self-energies Σ s and Σ µ . In this model, the expectation values of σ and ω 0 fields are proportional to the quark scalar density and the baryon density, respectively.
Integrating the quark field, we obtain by means of the mean field approximation
where Γ is the effective action and is given by
The W 0 represents the quark energy and the remaining parts represent the meson potential. The quark self-energies Σ s and Σ µ are determined by the following conditions.
3 Effective meson masses, effective couplings and EOS Because of the conditions (6) and (7), the quark self-energies are strongly related to the meson potential. Therefore, at finite temperature and density, the effective meson-quark couplings are strongly related to the effective meson masses. In the uniform and rotationally invariant matter, we obtain
where
and Π is the polarization function. The m σ , m ω , g σ and the g ω are the σ-meson mass, the ω-meson mass, the σ-quark coupling and the ω-quark coupling at zero temperature and zero density, respectively, and ǫ is the energy density of the system. If the effects of the mixing interaction, the term including g * sω , can be neglected, the square of the effective ω-meson mass is proportional to the effective ω-quark coupling. Therefore, the effective ω-quark coupling decreases as the effective ω-meson mass decreases.
In Fig. 1 , we show the baryon density (ρ B ) dependence of the binding energy of nuclear matter at zero temperature. In the calculation, we assume that g * Fig. 2.) Although the effective ω-meson mass decreases in the NLM, the EOS in the NLM becomes much softer than that in the LM.
Summary
In summary, starting from the many quark interaction, we have constructed the nonlinear σ-ω mdoel. The mesons are introduced as auxiliary fields. Effective quark-meson couplings are strongly related to effective meson masses, since they are derived simultaneously from the original many quark interactions. In this model, even if the effective ω-meson mass decreases due to the partial chiral restoration, the effective ω-quark (or nucleon) coupling decreases and the EOS of nuclear matter can become soft. 
